The cytokines, adipokines, and oxidative stress have been implicated in the pathogenesis of non-alcoholic fatty liver disease (NAFLD); however, such data remain scarce in India. The present study evaluated pro-inflammatory cytokines, adipokines, and markers of oxidative stress in patients with non-alcoholic fatty liver disease (NAFLD), and their association with degree of adiposity, insulin resistance and markers of disease severity.
and oxidative stress, results in disease progression. The pro-inflammatory cytokines and adipokines have been implicated in the pathogenesis of NAFLD; however, the data have been derived mainly from animal studies, and studies on the Western population where profiles of NAFLD patients appear to be different [5] [6] [7] . The differences in Indian NAFLD patients include a lower frequency of metabolic syndrome 8, 9 , lesser degree of adiposity 2 , lower frequencies of abnormal iron indices 10 , and histological milder disease at presentation 8 . A study has revealed that the Indians in comparison to matched Caucasians, Hispanics, Black and Eastern Asians had 2 to 3-fold increase in IR, and 2-fold increase in hepatic triglyceride content 11 .
The alteration of cytokines in NAFLD has been linked to degree of adiposity. Lower preponderance of adiposity in Indian NAFLD is well documented 2, 8, 9 but the profiles of various adipokines, and cytokines have not been evaluated. Further, there are evidences to suggest a role of oxidative stress in pathogenesis of NAFLD 12, 13 . However, many studies have shown conflicting results, and a weak association. Also, description of the antioxidant capacity among NAFLD patients is scarce. The present prospective study was designed to evaluate the profiles of pro-inflammatory cytokines, adipokines and oxidative stress in NAFLD patients presenting at a tertiary care centre in India compared to healthy and disease controls, and to study their association with degree of adiposity, IR, and markers of disease severity.
Material & Methods
The study was conducted at Department of Gastroenterology and Human Nutrition, All India Institute of Medical Sciences, New Delhi, India, from June 2005 to December 2008. Consecutive patients who attended the liver clinic, satisfied the inclusion criteria, and showed willingness to participate in the study were included. The healthy controls were selected from hospital staffs, or those who accompanied patients with minor illnesses to our outpatient clinic. The study protocol was approved by the ethics committee of the institute and a written consent was obtained from all study subjects. This exploratory cross-sectional study was performed as a pilot project in small groups of patients and controls to generate preliminary data for the Indian NAFLD patients. Patients: They were NAFLD patients (n=34) with raised serum alanine transaminase (ALT) to at least 1.5 times upper limit of normal (upper limit was 41 IU/l for men and 30 IU/l for women). The diagnosis of NAFLD was made on the basis of ultrasonography, presence of insulin resistance or features of metabolic syndrome, and histologic confirmation whenever possible.
Controls:
Because the alteration in the profiles of cytokines and oxidative stress can occur in several inflammatory conditions of liver such as chronic viral hepatitis, both healthy as well as disease controls were included for the purpose of comparison. Healthy controls (n=23) were healthy subjects with normal liver function tests, and without ultrasonographic evidence of fatty liver. Disease controls (n=22) were patients with chronic hepatitis B (CHB) with raised serum ALT to at least 1.5 times upper limit, and without histologic and/or ultrasonographic evidence of fatty liver. The rationale of using disease control was to assess whether the profiles of cytokines, adipokines, and markers of oxidative stress in NAFLD patients differ significantly from patients of other inflammatory conditions of liver without hepatic steatosis. Patients with CHB were chosen over patients with chronic hepatitis C because steatosis, which could have been a confounder, is quite common in latter condition.
Exclusion criteria: Patients and controls consuming alcohol >20 g ⁄day, having other known liver diseases (hepatitis viruses A to E, autoimmune disease, Wilson's disease, alpha 1 anti-trypsin deficiency and haemochromatosis) and those on medications known to induce fatty liver or insulin sensitization such as estrogens, amiodarone, methotrexate, tamoxifen, glitazones and metformin were excluded.
Patients evaluation and procedure:
A thorough clinical history and examination including anthropometric measurements were done in all patients. After an overnight fast, blood samples (20 ml) were collected for blood count, biochemical profiles and other investigations. Serum from each patient was tested for markers of viral hepatitis A, B, C and E. Serum ferritin, copper and autoantibody tests were done using conventional techniques. After obtaining informed consent, liver biopsy was done using 18-gauge Menghini's aspiration needle. The classification given by Brunt et . The chemicals for lipid peroxidation and antioxidant potential were procured from Sigma Aldrich Co., USA.
Data analysis:
Normally distributed continuous variables were expressed as mean±SD, and the continuous variables with skewed distribution were expressed as median (range). For the comparison of continuous variables between three groups namely NAFLD, CHB and healthy control, one-way ANOVA with Bonferroni correction as a post-hoc test was used. Similarly, the comparison between groups for skewed data was done by Kruskal-Wallis test, followed by Mann Whitney test with adjusted P values. Several confounders (DM, dyslipidaemia, and adiposity) are known to affect the levels of cytokines. The adjustment for these confounders were done by restriction of the analysis. We made homgenous sub-groups by including only those patients and control subjects who did not have any of these confounders. Associations .001 compared to CHB and HC groups between variables were calculated using Spearman's correlation coefficients. Data were analyzed by using SPSS software version15.0 (SPSS, Chicago, IL, USA) and P<0.05 was taken as significant.
Results
The baseline clinical and demographic profiles of patients and controls are depicted in Table I . The mean age of NAFLD patients was similar to that of healthy control, but was higher (P<0.001) than that of CHB patients. The BMI, waist hip ratio (WHR), plasma insulin levels, and HOMA-IR were significantly higher in NAFLD patients compared to both control groups (P<0.001). The liver function tests were similar between NAFLD and CHB patients. Also, except for steatosis, the histological grades and stages of fibrosis were similar between NAFLD and CHB. Twenty one (61.7%) patients of NAFLD were obese as per Asian criteria, and 22 (62%) had central obesity. Among NAFLD patients, hypertriglyceridaemia and DM were present in 17 (50%) and four (13%) patients, respectively. The criterion for metabolic syndrome was fulfilled in 12 (35%) patients of NAFLD.
Comparison of pro-inflammatory cytokines and adipokines between groups (Table II):
The serum levels of all the pro-inflammatory cytokines (TNFα, IL-1, and IL-6) were significantly (P<0.001) higher among NAFLD patients compared to control groups. The cytokine which showed maximum increase in the levels among NAFLD was IL-6. Interestingly, the levels of IL-6 were similar between CHB and HC suggesting its selective increase only in NAFLD patients. In contrast, the levels of adiponectin and leptin were similarly reduced both in NAFLD and CHB patients compared to healthy control (Table II) . Because the blood levels of cytokines may be affected by certain demographic and metabolic confounders such as DM, dyslipidemia, and adiposity, a subgroup analysis was performed after adjusting these confounders by restriction analysis. Still, results remained the same as before (Table III) . (Fig. 1A) . The levels of all three proinflammatory cytokines were noticeably higher in patients with stage 3 fibrosis; however, the overall differences in levels between different stages of 
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Fig. 1. Box plots of pro-inflammatory cytokines levels in NAFLD patients as per histological grades (A), and stages of fibrosis (B).
The level of IL-6 was significantly (P<0.05) higher among patients with grade III histology than grade I and grade II disease. Only IL-6 revealed a significantly (P<0.05) higher levels in patients with stage 3 fibrosis compared to stage 0.
Fig. 2. Pro-inflammatory cytokines in relation to (A) BMI, and (B) Waist-hip ratio (WHR)
. No significant differences were observed between the subgroups. fibrosis were not statistically significant (Fig. 1B) , and only IL-6 revealed a significantly higher levels in patients with stage 3 fibrosis compared to stage 0 (P<0.05) and stage 1 (P<0.05). This may be because of small number of patients with advanced fibrosis. With increasing histological severity of NAFLD, the levels of adiponectin and leptin did not reveal any significant difference. Among patients with CHB, the levels of all cytokines and adipokines were similar between different grades and stages of fibrosis (data not shown).
Association with degree of adiposities:
Among NAFLD patients, none of adipokines or cytokines had significant correlation with the degree of adiposities. No significant differences were observed in the levels of adipokines or cytokines between NAFLD patients with high BMI versus normal BMI, or between patients with or without central obesity ( Fig. 2 A and  B) . The degrees of adiposities (BMI and WHR) did not differ significantly between patients with normal and increased insulin resistance defined as HOMA-IR cutoff at 2.5.
Adipokines and pro-inflammatory cytokines in
association with insulin resistance: Among NAFLD patients, 76.4 per cent (26/34) had IR defined by HOMA-IR >2.5. The HOMA-IR was significantly (P<0.001) higher in NAFLD patients in comparison to CHB patients, and HC (Table I) . Among all studied adipokines and cytokines, only IL-6 had a significant positive correlation with HOMA-IR (r=0.42, P=0.02). Also, the levels of IL-1 and IL-6 had significant correlation with the serum insulin levels [IL-1/insulin (r 0.35 P= 0.04), and IL-6/insulin (r 0.37, P= 0.03)].
Measures of systemic oxidative stress and antioxidant capacity: Due to technical reasons, these measurements could be done only in 37 study subjects (13 NAFLD, 09 CHB, and 15 HC). The serum levels of MDA were significantly higher among NAFLD patients compared to either of control groups (Table IV) . In contrast, the levels of vitamin C, and SOD were significantly lower among NAFLD patients as compared to controls. FRAP, a measure of total antioxidant capacity of the body, was significantly lower among NAFLD and CHB patients as compared to HC. However, it was similar between NAFLD and CHB suggesting this reduction may not be specific to NAFLD.
Association between different disease variables:
A positive correlation was noted between levels of different pro-inflammatory cytokines, such as between IL-1 and IL-6 (r 0.47, P=0.005), and between IL-1 and TNFα (r 0.63 P=0.001). There were no significant correlations between levels of any of cytokines and serum ALT. Serum adiponectin was found to vary inversely with pro-inflammatory cytokines, but the correlation was not significant. No significant correlation was found between any measures of oxidative stress and histological severity, insulin levels, ALT, adipokines, and cytokines. Also measures of oxidative stress or antioxidant potential were independent of BMI or WHR.
Discussion
The present study evaluated comprehensive profiles of cytokines, adipokines, and oxidative stress in Indian NAFLD patients, and studied their associations with markers of disease severity, adiposity, and IR. The levels of pro-inflammatory cytokines (TNFα, IL-1, and IL-6) were found to be significantly higher in NAFLD patients compared to healthy controls as well as patients of chronic hepatitis B, an inflammatory condition of liver without steatosis.
A higher amplification of cytokines in NAFLD over CHB suggests that this may not be just a non-specific inflammatory response.
Several evidences support a role for cytokines, including TNFα, IL-1, IL-6, IL-8, and IL-18, in the pathogenesis of the IR and NAFLD 5, 6, 23, 24 . In our study, IL-6 emerged as the most important cytokine in NAFLD patients. Interestingly, levels of IL-6 increased selectively in NAFLD patients only. The levels of IL-6 were significantly higher among NAFLD patients with advanced histopathology, and also had significant correlation with HOMA-IR and serum insulin. Therefore, IL-6 may have a role in the pathogenesis of IR and NAFLD. IL-6 has, in fact, gained attention lately after a small study that showed a markedly increased serum levels and liver expression of IL-6 in NASH patients which correlated with inflammation and fibrosis 24 . We did not find TNFα to be associated with any important disease variables, though its levels were significantly higher in NAFLD patients than the controls. This may be due to different study populations or the lack of adjustment for some factors that might have influenced its serum levels.
In West, there is a strong clinical association between obesity and NAFLD. The source of cytokines is thought to be macrophages residing in the adipose tissue 25 . However, NAFLD in India occurs at lower BMI and even in lean subjects 2, 8, 9 . We found that the cytokines profiles were similar between NAFLD patients with higher versus normal degree of adiposities measured by BMI and WHR. This raises a question as to whether the adipose tissues of these patients have more pro-inflammatory potential or some other factor(s) are responsible for cytokines amplification. The location and size of adipocytes have an important link with secretion of cytokines. Visceral adipocytes tend to be smaller than subcutaneous adipocytes but have greater potential to secrete cytokines 26, 27 . Thus, our NAFLD patients may be having more visceral adiposity. However, we did not find a correlation between levels of cytokines and central obesity. This may be because of the fact that measured central obesity, which also includes metabolically inert subcutaneous abdominal fat, does not exactly correspond to visceral adiposity. Another mechanism by which cytokines amplification can occur in NAFLD patients is endotoxaemia resulting from small intestinal bacterial overgrowth (SIBO) 28 . IL-6 production by macrophages has been shown to be enhanced by addition of endotoxins (lipopolysaccharide) 29 . Also, patients with SIBO have A reduced level of adiponectin has been implicated in the pathogenesis of NAFLD. Our study showed a significant reduction of serum adiponectin levels among NAFLD. The role of leptin in human NAFLD is still controversial because of conflicting results in different studies. While leptin was found to be significantly higher in NAFLD patients compared to control in one report 31 , another study found no significant role of leptin in NAFLD 32 . In our study, leptin levels in NAFLD patients were significantly lower than that in HC. However, we could not find any significant association between either leptin or adiponectin and any of disease variables and their levels were similarly decreased in patients with CHB.
In consistence with previous reports 12,13 , we found a significantly increased rate of lipid peroxidation among NAFLD patients compared to control groups. The markers of antioxidant capacity were significantly lower among NAFLD patients compared to HC. Other studies have also demonstrated significant reductions in levels of antioxidants such as SOD and FRAP in NAFLD patients 33 . However, the reduction in total antioxidant capacity, as measured by FRAP, was similar in NAFLD and CHB. Also, the correlation between oxidative stress and histological severity or biochemical activity was not significant. Therefore, their association with disease pathogenesis may be weak and non-specific. Also, we had measured only the systemic markers of oxidative stress rather markers of oxidative stress in liver biopsy tissues which could have been more direct evidence of its role in pathogenesis. No significant correlation was observed between measures of oxidative stress and levels of cytokines or adipokines. Thus the cytokines alteration and oxidative stress may have an independent role in the pathogenesis of NAFLD.
This preliminary study in Indian NAFLD patients showed some novel findings. We observed a significant amplification of pro-inflammatory cytokines in Indian NAFLD patients even at a lower degree of adiposity, and it was IL-6 levels (and not TNFα) which showed the maximum increase and association with IR, and histopathological severity. It will be interesting to see whether modification of IL-6 can change the course of IR and NAFLD in Indian patients. Further, occurrence of NAFLD in India at a lower degree of adiposity also raises question as to whether some other trigger like SIBO plays a role in the pathogenesis. An obvious limitation is the cross-sectional design from which it is difficult to make a causal inference. In view of small sample size and the fact that association studies are susceptible to various biases, confirmatory studies using larger sample are needed.
To conclude, the findings of our study suggest that pro-inflammatory cytokines are markedly increased in Indian NAFLD patients. The levels of IL-6 were more selectively increased in NAFLD, and revealed significant association with IR and histopathological severity. The systemic oxidative stress was increased in NAFLD; however, its association with pathogenesis was not significant.
